Ottelia acuminata (Gagnep.) Dandy (Hydrocharitaceae), an endangered aquatic species, was investigated in the Eastern Himalayas, especially in Yunnan Province of Southwest China. The genetic diversity among seven populations was examined using inter-simple sequence repeat (ISSR) amplification markers. The field survey showed that 43.5% natural populations of O. acuminata have become extinct during the last 30 years. Among 13 remaining wild populations, eight (61.5%) are on the edge of extinction and only five (38.5%) were unaffected. For the study on seven populations based on ten primers, 147 clear and reproducible DNA fragments were generated, of which 144 (97.96%) were polymorphic. Within populations, however, the polymorphic bands (PPB) generated by ISSRs was 53 and occupied 36.05% in population B, and similarly within population J (51 and 34.69%, respectively). The results showed that genetic variation is much higher among populations of O. acuminata than within populations. Analyses of Nei's gene diversity, genetic distance and Shannon's index also agreed with these results. The average value of Nei's gene diversity (h) equaled 0.3710. The coefficient of genetic differentiation (Gst) equaled 0.5487, which means that 54.87% of the total molecular variance existed among populations. Such a high level of divergence present among populations may be caused by the complex topography and separated habitats which effectively restrict gene flow. Moreover, there is a lack of significant association between genetic and geographical distances (r = 0.28889, P > 0.05) in the populations of O. acuminata. Therefore, we proposed an appropriate strategy for conserving the genetic resources of O. acuminata in the Eastern Himalayas; namely, rescuing and conserving the core populations in situ, while selecting and preserving more populations with fewer individuals from each population ex situ.
Introduction
Ottelia (Hydrocharitaceae), with 21 species in the genus, is distributed in the warmer environment worldwide (13 species in Africa, seven in Asia and Oceania, and one in South America) . All the species in the genus are aquatic and are confined to freshwater. Ottelia acuminata is distributed in western China and occurs in Guizhou, Sichuan and Yunnan *Corresponding author, e-mail address: long@mail.kib.ac.cn provinces (Li 1981) . It can be found in lakes, ponds and ditches. It can also tolerate slowly flowing water, and occurs in streams and rivers but absent in the fast flowing parts.
Sometimes it can be grown in man-made waters, such as ricefields, and pools for the cultivation of Nelumbo or Trapa.
The altitude of its distribution areas varies from ca. 600 to 3,000 meters above sea level. Mostly it grows to a depth of 2.5 m under water surface. But in Luguhu Lake, where a variety occurs, O. acuminata var. crispa, it can grow up to 5 m deep (Li and Hsu 1979) . The substrate is usually clay or
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Genetic diversity of Ottelia acuminata (Hydrocharitaceae) from the Eastern Himalayas, revealed by ISSR markers sand, but in Luguhu Lake it grows in gravel. It is confined to calcareous waters with a pH of 7-8.4 , and is absent from acidic or basic waters (Li 1987) . The most frequent species associated with O. acuminata are Potamogeton lucens L., Myriophyllum spicatum L., Potamogeton malaianus Miq., Potamogeton perfolianus L., Limnophila sessiliflora Bl. and Nymphaea tetragona Georgi. In deep water the commonest associates are Hydrilla verticillata (L.f.) Royle, Najas minor (Pers.) All. and Chara sp. In most habitats O. acuminata is not present in large quantities (Li 1980 there are no runners, stolons or specialized hibernacula, with the exception of a few individuals (in Changhu Lake and Xihu Lake) which bear bulbils in the male spathes (Li 1981; Li 1988; He 1991) .
Ottelia acuminata is an ornamental, medicinal and tasty edible plant as well. The leaves, peduncles and spathes are gathered and sold in the markets to be eaten as vegetables by the local people. O. acuminata was the commonest aquatic plant on Yunnan Plateau 50 years ago (Ley et al. 1963) . It is very sensitive to pollution, excessive collecting and the ravages of the imported grass carp (Ctenopharyngodon idella Val.).
Since 1987, Ottelia acuminata has been recognized as an endangered species by the Chinese authorities (SEPA and IBCAS 1987) . In recent years it has become extinct in some localities and very rare in others.
Thus, it is essential to protect this native and endangered species, and its genetic variation as well. Suitable molecular markers are necessary to reliably assess genetic diversity to investigate the population genetic structure of O. acuminata so that appropriate strategies can be adopted for its genetic improvement, restoration, conservation, and sustainable management.
The use of inter-simple sequence repeats (ISSRs) is a microsatellite-derived genetic fingerprinting method based on the amplification of DNA segments occurring in the genome in regions where a particular SSR (short sequence repeat) motif occurs on opposing strands within a short and amplifiable distance (Zietkiewicz et al. 1994) . This method is similar to RAPDs, since both require no prior knowledge of the genome, cloning or specific primer design, yet it has higher reproducibility than RAPDs because of high annealing temperatures, and the cost of the analyses is lower than the cost of AFLPs (Zietkiewicz et al. 1994; Reddy et al. 2002) . DNA, and to find an effective method to conserve (both in situ and ex situ) and collect (sampling) this endangered species.
Materials and Methods

FIELD INVESTIGATION AND SAMPLING
From 2002 
DATA ANALYSIS
ISSR amplified fragments, with the same mobility according to the molecular weight (bp), were scored manually for band presence (1) or absence (0). The following parameters were generated using the program POPGENE 1.32 (Yeh et al. 1997) to describe intra and inter-population genetic variation: Nei's gene diversity (h), Shannon's information index (I), the observed number of alleles (na) and the effective number of alleles (ne) (Lewontin 1972; Nei 1973) . Genetic divergence between populations was investigated using Nei's genetic distances (GD) and genetic identities (GID) (Nei 1978 (Table 3) The genetic distances, based on the allele frequencies of the ISSR markers, were calculated for each pair of populations to estimate the extent of their divergence (Table 4 ). The average genetic distance between populations was equal to 0.3372.
The greatest genetic distance values were found between population B and other populations. This result revealed that population B, located geographically the furthest away from the other populations, is also genetically the most distant.
However, Mantel's test showed that there was no significant correlation between genetic and geographical distances (Table   5) collecting. Therefore, we should preserve this threatened species, based on a better understanding of genetic diversity among and within populations is essential for its conservation.
GENETIC DIVERSITY AMONG AND WITHIN POPULATIONS
Yunnan is located in the Eastern Himalayas. It is one of the regions with the most plentiful biodiversity in China and has a wide range of climatic and geographic conditions. According to our field investigation, the ecological environments and geographic distribution patterns of O. acuminata in Yunnan A high level of population differentiation may be explained by several factors, including the species' breeding system, genetic drift or genetic isolation of populations (Hogbin and Peakall 1999) . When populations are small and isolated from one another, genetic drift influences genetic structure and increases differentiation among populations (Barrett and Kohn 1991; Ellstrand and Elam 1993) . Low levels or absence of gene flow among populations is characteristic of many rare species (Slatkin 1985) . Consequently, genetic differentiation among populations has been reported for a number of them (Sun and Wong 2001; Li et al. 2002) . Nm, the 
